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1.0 INTRODUCTION

This réport presents the methodoldgy and the results of diffusion tests carried out on two (2) rock
core samples (approximately 6 cr diameter) to evaluate the matrix diffusion goefficient (D)) for
chloride and the carresponding, matrix tortuosity factor {x). The core samples were provided by
Mactec Bngineering, Inc. in November 2006, A déscription of the core samples is given in
Table 1. Also presented in this teport are the restlts of analyses for water conient, specific
gravity, fotal porosity and total organic carbon content.

The above testing was condugted between December 2006 and April 2007, at Golder Associates’
laboratory in Mississauga, Ontario. -All gnalyses for chloride concentration were carried out at
ALS Laboratory Group in Mississauga, Ontario.

2.0 DEFINITION OF MATRIX DIFFUSION COEFFICIENT AND
TORTUOSITY FACTOR

The diffusion r:aafﬁcrent (D) is a salute transport parameter; which refates the diffusive mass flux
of a solute in a porous media to its Soncentration gradientvia Fick’s first faw, Le.:
£ e DL (1]
f =D
whots: /= soluite diffusive mass flux (mass of solute transported per unif area per
: unit time) [M/L3T],
porosity of the porotis.-media which is.available for diffusion (i.e.
effective porosity),
D = solute diffusion coefficient in the porous media [I,F:’T]

squﬁa concetitration in-the porewater phase of the. porous media.
[M/L], and

z = digtance it the direction of diffusion along the porous media [L]

n o=

e =

The mﬁgmtude of the diffusion coeffivient is influenced by temperature; characteristics of {he
solute itself and its cowdiffusing species (e . size and concenteation) and the fabric of the porous
media (e,g, pote size and pore structire).
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For a given temperature, the diffusion coefficient can be expressed as the product,
D=1D ;

whers, D, = speciesd d{f’fusmn coefficient in a purely aqueous solution at the given
‘ temperature {LA/T], and

tortucsity factor for the porous media

1l

The porous media tortuosity factor {2) is an.-empirical factor (0 < < 1,0) which accounts for tlie
Fact that the rate of diffusion in a porous media is slower than that inaqueous solution due to
diffusion pathways around solid particles being much longer and more “tortuous™ than the-direct
pathways in aqueous solution. The tortuosity factor is considered to be independent of
temperature aud is assumed to be sirictly a physical property of the porous media, dependant on
the matrix fabric (1.e, pore structure: and pore size) rather- than on. the nature of the solute specics
(e.g. Rowe, 1987). '

The species aqueous diffusion coetficient (D). foragiven temperature is dependant on. pmpemes
of the porewater phase {eg. wscdﬁtﬁy) and properties of both the solute jtself and its co-diffusing
species {e.g, size-and concentration). Aqueous diffusion eosfficient values cdn be obtained from
the literature (6.2, Li and Gregory, 1974, and Reid et. al,, 1987).

30 THEORETICAL DESCRIPTION OF THE DIFFUSION TEST

A schematic drawing of the diffusion cell used ot this study is piresented in Figure 1. A source
solution consistifig of distilled water spiked with sodium chloride was placed int contact with one
side of the core sanple and a ollestor solution consisting of distilled water was placed on the
oppesite side.

The souré¢e solution constifuents (e, sodiurn and chloride) wete allowed to diffuse through the
core sample and into the collector solufion compattment over a period of 91 days. During this
period, the source and collector solution. compariments were. periodically sampled in -order to
monitor the chloride consentration varjation with time.

Assuntitg that the chloride concentration dectaases with time in the source solution is due only to
diffusion thicugh the core sampls .6, no'short clrcuiting of ¢hloride along the contact betivean
the core and the latéx membrate) the boundary condition representing the chloride concentration '
i the source solution can be writien as (e.g. see Rowe- and Booker, 1985}

0 {0) = Gy o _Lﬁ,:(;)dz 3]
wherer ¢f = chioride concentration in the. source solution at time ¢ [M!L"’],_
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€s = initial chlaride concenteation in the source solution [M/L?),

H, = equivalent height of souree solution, ealculated as the source solution
volume divided by the cross-sectional diéa‘of the core sample
perpendiculdr to the direction of diffugion {L],-and

mass flux across the core sample/source solution interface [M/L7T]

£

St

“The mass flux across the sample/source -solution interface, fi(1}, can be further related to the
chloride eoncentration gradient across this interface (60/8&), by Fick's first law, vizs

£ mﬂ[%} 0

i 3

whiers #' i the effective matrix porosity of the core sample,

The boundary condition representing the speeies:concentration in the eollector solution (ex(t) s
siven by:

af{'zjﬁ-ui f fydt-de j ‘et (5]
where: cf) = shiloride concentration in the collector solution at time 7 [M/LY],
V.. = wyolumeof the collsctor solution L
) = mass flox into the collector (ML)
g, = average rato of sampling of the collector solution [sample
' valume/average sampling Trequeney] [I.7T], and
H, = equivalent height of collector solution, caleulated as the collector
solution volume divided by thte cross-sectional area of the core
speciien, perpendicular to the direction of diffusion L]

The mass flux into-the t;nil’a;ftor' J®) can be further expressed in terms of the cotwentration

gradient across the sample/eollestor solution interface ( &/&)c, viz::

f(f)m“ﬂp(%) ;

For these ﬂ-ux:_gantra'lied bowrdary conditions, a Semi-analytical solution to the one-dimensional
diffusion equation,

=Dy 7
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has been implemented in the computer program POLLUTE (Rowe et. al., 1994). Using differént
values for the clilotide diffiision cosfficient, theoretical curves for the chloride goncefntration
variation with timé in the source solution and collector solution compartments were genérated
using POLLUTE and then ¢ompared fo the experimental conceniration - data, The diffusion

oocfficient that gave the best Tit “by eye” to the exparimental data was chosen as the experiméntal

value, For all samples; the effective porosity, #, wag taken as the total porosity.

The diffusion test modelling using POLLUTE accounted for the initial chloride porewater

concenitration in the goré sample at the start of the diffusion test. For-one of the samples.

(RIMW11 {50 fect)), the initial porewater conceniration was estimated based on actual
groundwater concentrations obtained from a monitorin gwell sereened at a simitar depth/location

as the sample. The other sample (RIMW 11 (14 feet)) was from above the. groundwater table and
therefore there is no reference monitoring well for obtaining the initial porewater concentration.
For this sample, the initial chioride porowater goncentration was back-caloulated based on
analysis of the chloride concentration in the sample at theend of the diffusion test (units of pg/g)

anid consideration of mass balance knowing the initial and final concentrations in the source and

callector solution compartments (refer fo Appendix C for caleulation). Table A.1 summarizes

the initial porewater coneentrations used for sach diffusion fest sample.

40  DIFFUSION TEST PROCEDURES

The following outlines the general procedures nsed in the set-up and monitoring of the diffusiof
fests for the medswrement-of matiix diffusion cosfficient for chloride. Note that the diffusion tests
were sondueted at foom temperiturs -23°CY.

(1) The core samples were cuf tothe lengths given in Table A. | (Appendix A).

2y A thin layer of silicone vacuiin grease was spread arourid the outer perimeter of cach

sample. A circular piece of non-woven geotextile, followed by a -p_erfofa{tad plastic dise,
were placed at each end of the sample. The ‘sample and the end pieves were. then
surrounded by & fatex membrane, which adhered to the vacuum grease sutioanding the
sample.

(3) 'The sample, capped at bioth ends by the geotextile and the perforated disc, was then placed
between the two acrylic colfars within the test apparatus. The latex membrane was secured
to these collats by an “O” ting at each end. The positioning of the sample within the
apparatus is shown in Figure 1.

(4) Following the securing of the samiple, the chamber surrousding, the sataple was filled with

water and pressurized to 50 kPa to apply @ confining pressure-on the outside of the sample,
which in turn ereated a tight seal between the sample and the membrang.
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(5) With the apparatug in a near horizontal position, distilled water was injected into the
collector compartment through a irfection/sanipling poit. The second injection poit was left
apen to allow air to escdpe the compartaient while it was being filted. The total volume of

distilled water injected into the collector comparfment tanged from 107 mL to 108 mL,
{refer to Table A1)

- (6)  With the appatatus still it & Worizottal position, the source solution consisting of distilled
water spiked with 165 @/L sodium chloride was injected into the source reservolr, The
second port. was left open to allow gir to-escape the compartment while.it was being filled.
The total volume of sodium chloride source solution injested into the source compartment
ranged from 333 ml to 356 mL (refér fo Tagle A.T).

(7) Immediately after inserting the source solution, the injection ports were sealed using fiited
rubber stoppers. The cell was then gently rotated int arr aftémpt to remove ariy air froni the
interface between the source atid/or collestor solution and the sample. The apparatus was
then placed in 1 horizontal position and the start time fordiffusion (Le. £ = 0) was recorded,

(&) A3 mL sample was taken from the collector compartment periodically (approximately
once per 10 days an average) thiough the samipling port. Onee eacl satiple wag taken, an
equal volume -of fresh. eollector solution (L&, distilled water) was re-injected into the
coliestor compartment,

(9) A 3mL sampls was taken from the source compattment petiodically (approxiimately once
per 20 days on average) through the sampling port, once gach sample was taken, anequal
volume of Tresh source solution was re-injected info the source solution compartment.

(10) All source and. collector -solution samples were analyzed for chlotide by ion
chromatography at ALS Laboratory Groip (Mississauga, Ontario).

Using the. above procedure, 4 ehloride diffusion test was cartied out for each of the two core
specifnens, Speeifie details of the diffuston tests, such as the volumes af the ‘source and callector
solutions, fnitial chloride concentrations in the source and collector sofutions and core speeimeit
dimensions are prosented in Table A.l.

5.0 RESULTS

The chloride diffusion fest concentration data is presented in Figures 2 and 3 for the two core
spiecimens, For each specimen, the data is presented in the form of sonrce solution and collector
solution concentration variation with time, The actual concentration data is provided in Appendix
A, Tables A2 and A3, _

‘[he theoretical fitting of the diffusion test concenirafion data is presented in Figures 2.and 3. The

best-fit (by eye) chloride diffusion coeffigient values and corresponding core matrix torfuosity
factors (caleulated using Equation 2) are summarized in Table 2. The tests indicate chloride
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diffusion coefficient () values of 0.3 x 107 ¢m¥s for RIMW11(14 feet) and 0.5 10 em¥s for
RIMW11 (50 feet) at 23°C.

As nioted in Section 3.0, the theoretical fitting of the diffusion fest data assumed that the effective
porosity of the rock cote matrix (i.e. #' in Equations 4 and 6) is equivalent to the total porosity
(). Values obtained for total porosity of the core specimens. are preseitted (i Table 2 and range
from 46 % 1o 49 %. :

The specific gravity.and initial (as-received} watér content values obtainet for the core samplés
{see Table 2) are 2,61 and 23.8% for RIMW11(14feet) and 2.48 aiid 35.3% for RIMW (50 feet).

The total organic carbon content values obfained for the rock cote specimens by the
‘Walkley-Black wet oxidation method (Walkley, 1947) range fram 0.27% for RIMWI11 (14 feet)
t0.0.88% for RIMW 11 (50 fest) on a dry weight basis (see Table 2).

GOLDER ASSOCIATES LTD.
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Checked by

SUMMARY OF WATER CONTENT DETERMINATIONS

ASTM D 2216-98

PROJEGT NUMBER _06-1116-042
PROJECT NAME ~ Mactec / Lab Testing / 4098042051
DATE TESTED Dacernber, 2008

‘Water
Sample Gontent Afterberg Limits

No. (%) LL, PL, P!

RIMW11-14 23.8%
RIMW11-50 35.3%

Golder Associates



SPECIFIC GRAVITY TEST RESULTS
ASTM D 854-00 TEST METHOD A

PROJECT NUMBER. 06-1116-042
PROJECT NAME Mactat / Lab Testing 7/ 4098042051
DATE TESTED December, 2006

Borehole Sample Specific
Ne. No. _ Gravity

. RIMW11-14 261
- RIMW11-50 2.48

Note: Test carried out on soll parficles <4.75mm using distilled water.

Golder Associates



DENSITY AND POROSITY DETERMINATIONS OF IRREGULAR SHAPE SAMPLES

ASTM D 4631-86 TEST METHOD B

T s

Saiﬁplé Number

RIMWA1-14

RIMW11-50

Wet Mass of Rack in Alr, g
{Wet Mass of Rock + Wax in Alr, §

IWet Mass of Rock # Wax in Water, g -

295.80
314.62
123.96

539.48
5714
222,08

Welght of Wax, g
Displaced Volure, cm®

Displaced Wax, om”®

18.82
190,66
20.73

3183

349,03

3483

Volume of Rock, om®
Specific Gravity, measurad
Valume of Solids, gin™
Volume of Volds, ar®
Porosity

||Water Content, %

[Unit Weight, kNim®

1€69.83.
2.61.
81.85

7839

0.4

23.80

17.07
1379

B14.20

248
160.78
163.42

049

35.30
16.84
12.45

Dry Urit Weighit, kNim®

081118042
121112006

Project Number:
Date Tested

Tested By
Gheckad By

Angela. |

Gnldar Asanciates



TOTAL ORGANIC CARBON CONTENT (TOC)
PROJECT NUMBER 06-1116-042
PROJECT NAME  Macles/ Lab Testing / 4098042051
‘DATE TESTED January, 2007

“Bail Grain Size Distrihution

Pasgsing Passing TOC _

‘Sample 0.6mm Gravel Sand Sit Clay <0.6mrm

No. (%) (%) (%) (%} (%) (%)
RIMW11-14 . . ; » . 027
RIMW11-50 - - - - 0.80
RIMW11-50 (repeat) . - - - 058

Notes:
1. Samples dried at 110 degree centigrade prior to testing,
2. Test performed on rock crushied to minls 600 micron, using the method of Walkley and Black {Walk

. Grain size distribution of sand, silt and clay based on Unified Soil Classificatian.

finldar Aeenriabae






APPENDIX C
I, Initial CF mass indiiTusion cell @ start of test

» Source Splution Compartment

14
333mi < 1,000mg /1
il mi XE{OUQ o

s. Collector Solution Compartment

=333mg

107mlx-< 2mg I = Omg

o Sample Porewater Pliase (where Copy = initial porewater phase soncentration)

T ®Gemy . 11 L
Géﬁ_wx{?uﬁﬁﬁ’fb(' 4 X{)-q‘ﬁ m—.*"o. 45Cﬂpw

s Total Initial CT Mass.
s-zéé--mg + 0 mg+0.045C .
-ﬁaaamg_m.ﬂzzs;f:m
2, Cl Mass in diffusion cell @ end of fest
+ Source Sciution Compattment

333mLx1,300mg / L xiww?& = 433myg
1000'ml

 Collector Solution Compartmient

I
1075 foSQﬁm {13 mmw_’i’éim
" T T A

‘s Sample Porewatér Phase

310mg kg % A{Gem) % 3.5emx1, 14gm!cm 3 L kg 43mg
- 4 1000 gm i
¢ Tatal Exd of Test CI" Mass
=433mg+ 4 g+43mg
=550mg.
September 2007 06-1116-042
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APPENDIX C
3. Prom vonservation of CI” mass, the initial C1 riass in the diffusion cellat the statt of the
test raust 'Bq'ua'l'the CF mass in the cel] gt the eivd of test.
7 333mg+0.045Cyp =550mg

5+ Copw =4,822iMg/L (initial CI coneentration in porewater phase of test sample)

Septernber 2007 061118042
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